As one of the most promising next-generation energy storage device, lithium metal batteries have been extensively investigated. However, the poor safety issue and undesired lithium dendrites growth hinder the development of lithium metal batteries.
Introduction
Lithium (Li) metal has been extensively considered as the most promising anode of lithium battery due to its high theoretical specific capacity (3860 mA h g −1 ) and the lowest electrode potential (~3.040 V vs. the standard hydrogen electrode), and as one of the most promising next-generation rechargeable battery, lithium metal batteries (LMBs) have been studied for several decades. 1 However, there are many barriers hinder the practical application of lithium metal batteries. In traditional lithium metal batteries with liquid organic electrolytes, the side reactions and uneven plating/stripping of lithium during cycles cause undesired Li dendritic growth or mossy
Li generation, which can lead to internal short circuiting or even explosion.
2,3
The application of solid state electrolytes in LMBs has attracted increasing attention as they can solve the safety issue and effectively prevent the formation of unstable solid state electrolyte interphase (SEI). 4 In addition to inorganic ceramic solid electrolytes, solid polymer electrolytes, such as polyethylene oxide (PEO), are becoming increasing promising due to their excellent flexibility. 5 However, due to the intrinsic semicrystalline properties and poor mechanical strength, PEO electrolyte suffers low roomtemperature ionic conductivity and insufficient capability of inhibiting lithium dendrites. Therefore, a great deal of approaches have been adopted to overcome this issues. [6] [7] [8] [9] [10] Compositing ceramic fillers within PEO matrix is an effective approach to improve the ionic conductivity and mechanical properties. 8, [10] [11] [12] The existence of fillers leads to the decrease of crystallinity of PEO, which further improve the ionic conductivity. Ceramic fillers can be divided into two categories： inactive ceramic filler and active ceramic fillers which exhibit ion conduction property. Adding inactive ceramic fillers, such as Al2O3, 13 ZrO2, 14 
Experimental Section
Preparation of Li6.25Al0.25La3Zr2O12 Branches and Corals:
Al element was selected to stabilize cubic garnet phase. Stoichiometric amounts of LiNO3, La(NO3)3•6H2O, C20H28ZrO8, Al(NO3)3•9H2O (purchased from Aladdin) were dissolved in a mixed solvent (ethanol: deionized water = 3:1, by volume), followed by adding citric acid (citric acid: metallic cation=2:1 in mole ratio) as the complexant.
Additional LiNO3 (20 wt %) was added to supply the lithium loss during the calcination.
After that, the solution was stirred on a hot plate to evaporate solvent and formed a tawny solid precursor. To obtain the cubic phase branch-like LALZO (B-LALZO), the precursor was first heated at 200 ℃ for 2 h in vacuum to remove the residual solvent and then calcined at 800 ℃ for 5h in air. The preparation of coral-like LALZO (C-LALZO) was the same as that of B-LALZO except addition of GO (LiNO3: GO=16 in weight) as the nucleation sites into the precursor solution.
Preparation of Composite Electrolyte:
PLC (PEO with C-LALZO) and PLB (PEO with B-LALZO) composite electrolytes were fabricated by solution casting method. PEO (Mw=600000, sigma) and LiTFSI (Aladdin, 99%) was added into acetonitrile with a mole ratio of EO: Li=8:1. After stirring for several hours, B-LALZO or C-LALZO was added into aforementioned solution and stirred for another several hours. The homogeneously suspended composite solution was poured into Teflon molds and dried in an argon filled glovebox.
The obtained composite solid electrolyte membrane was further dried at 60 °C for 10 h in a vacuum oven to remove residual solvent, and then punched into certain sizes and shapes.
Characterization of LALZO and Composite Electrolyte:
X-ray diffraction (XRD) patterns of the B-LALZO, C-LALZO, and composite electrolytes were recorded with an X-ray diffractometer (Bruker D8 Advance, Germany) 
Batteries Assembly and Electrochemical Characterization:
The all-solid-state battery was assembled in 2032 coin cells, using PLC and PLB as Sol-gel method to synthesize LALZO has been widely reported before. In this work, we first successfully developed coral-like LALZO with cubic garnet structure by using GO as nucleation site under sol-gel conditions, of which the mechanism was briefly discussed in the supporting information. The procedure of fabricating C-LALZO is illustrated as Figure 1 . Figure S1 . With the increase of C-LALZO content, the intensity of peaks increases gradually. Besides, the peak intensity ratio of PEO is declined in composite electrolyte, which indicates that the C-LALZO filler effectively reduces the crystallinity of PEO. As presented in Figure 2a , the C-LALZO is in the form of 3D continuous coral, which serves as fast lithium ion transportation channel in the composite electrolyte to improve the ionic conductivity. 
